complexes were found to be more potent as compared to ruthenium and rhodium complexes. 
tumors. [1] Half-sandwich arene ruthenium(II) complexes are currently the subject of versatile 36 research which have the capability to act as metal-based anti-cancer drugs. [2, 3] In particularly two extensively studied and found to have excellent anti-tumor properties. [4] [5] [6] The organometallic 40 scaffold present in the ruthenium arene complexes presents an ideal platform for the design of 41 these half-sandwich complexes. The basic building blocks in these complexes include the arene 42 ligand which controls the hydrophobicity and interactions with biomolecules, labile chloride 43 ligand which enables coordination of the metal with protein and nucleic acids. [7, 8] Rhodium and 44 iridium pentamethylcyclopentadienyl complexes have also been studied by various research 45 groups for their anti-proliferative activities. [9, 10] These complexes have also displayed their 46 remarkable activity as catalyst for various organic transformation reactions. [11] [12] [13] 
47
Much interest has been paid towards the coordination chemistry of benzoylthiourea replaced by a pyridyl group the ligand acted as neutral bidentate ligand coordinating metal in a
57
(N, S) mode. [17, 18] Transition metal complexes of various thiourea derived ligands have been 58 evaluated for their anti-bacterial, anti-cancer and anti-microbial activities. [19] [20] [21] In our present 59 work we report the synthesis spectral and molecular structures of ruthenium, rhodium and 60 iridium half-sandwich complexes containing pyridyl and pyrimidyl thiourea derivatives. Ligands 61 used in the present study are shown in Chart 1.
62

Experimental
63
Materials and Methods
64
The reagents used were of commercial quality and used without further purification. using MERCURY 3.6 program.
[29]
103
The crystal structure of complex (4) 
Results and discussion
227
Synthesis of complexes
228
The work presented herein describes the synthesis of arene metal complexes containing 
276
The methyl protons of isopropyl group was observed as closely spaced doublet for complexes (1 277 and 4) whereas for complex (7) it was observed as doublet around 1.27-1.36 ppm and the 278 methine protons of the isopropyl group was observed as a septet around 2.85-3.12 ppm. The 
303
For instance the mass spectrum of complex (6) displayed its molecular ion peak at m/z: 508.0924 304 and the mass spectrum of complex (9) showed its molecular ion peak at m/z: 598.1507 ( Figure   305 S18 & S20 Figure S19 ). The mass ion peaks observed in these complexes are in 308 accordance with similar reported complexes.
[37] The mass spectral values strongly justify the 309 composition and formulation of these complexes.
310
Description of the crystal structures of complexes
311
In addition to the spectroscopic analysis the coordination of the thiourea derived ligands 312 to the metal ion was confirmed by carrying out the single crystal X-ray analysis. The detail 313 regarding data collection and structure refinement parameters are summarized in (Table S1 & 314 S2) and geometrical parameters including bond lengths, bond angles and metal atom involving
315
ring centroid values are listed in (Table S3 ). The molecular structures of some of these acted as bidentate chelating ligand whereas when methyl group is at the ortho position of the 338 pyridine ring as in benzoyl(6-picolyl)thiourea (L3) it behaved as neutral monodentate ligand.
339
Previously we have shown that when methyl group is at the meta position of the pyridine ring 340 such as in benzoyl(3-picolyl)thiourea it coordinated metal in a bidentate chelating manner. [17] 341
Complexes ( acted as a neutral monodentate ligand coordinating metal through thione sulfur (S1) (Figure 3 ).
351
The probable reason for ligand L3 to act as monodentate ligand is due to the presence of methyl 352 group at the ortho position of the pyridyl ring which is very close to pyridine nitrogen.
353
The distance between the metal (M) to centroid of the arene/Cp* ring are {1.795 (2), neutral complexes are slightly longer than that of cationic complexes (Table S3 ). The M-Cl bond 362 lengths in these complexes shows no significant differences and was found to be in the range of 363 2.399-2.438 Å which are comparable with earlier reported complexes. [17, 18, 34, 35] The bond angle 364 values S-M-Cl and Cl-M-Cl in neutral complexes (7-9) lay in the range of 87.7-95.5° (Table S3) . interaction between the two chlorides and aromatic hydrogen of p-cymene moiety (Figure 6 ).
389
The non-covalent interactions present in these complexes provide an ideal platform for formation 
Conclusion
440
In this work, we report a series of cationic and neutral half-sandwich p-cymene 
